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Introduction: Groin ultrasound scanning is commonly used to examine patients with obscure groin pain
or swelling. A recent study has shown ultrasound has a poor positive predictive value (PPV) in diagnosing
groin hernias although earlier studies reported PPV values as high as 100%. Our aims were to calculate
ultrasound's accuracy in diagnosing occult groin hernias in symptomatic patients and assess how
management of these patients is affected by ultrasound result. Methods: We retrospectively analysed
375 symptomatic adult patients, who between February 2008 and March 2010, had ultrasound to di-
agnose groin hernias when clinical examination was inconclusive. Patients were identiﬁed on a pro-
spective radiology database and all groin ultrasounds were performed by either one consultant
radiologist or one radiographer. Results: Ultrasound was positive in 199 patients, of which 118 under-
went surgery. Using operative ﬁndings as the gold standard, ultrasound's PPV for groin hernias was 70%
(95% CI: 62e78%). Ultrasound was equivocal in 42 patients of which hernias were diagnosed in 7 of the
10 who had surgery. Ultrasound was negative in 151 patients of which none were later diagnosed with
hernias during 3 years' median follow-up. Conclusion: Ultrasound is poor in diagnosing occult groin
hernias with a PPV of 70% suggesting a 30% chance of negative groin exploration. The equivocal ultra-
sound group requires careful follow-up as a considerable number were later diagnosed with hernia. The
absence of subsequent hernia diagnosis in the negative ultrasound group suggests it may be a useful
rule-out test to exclude occult groin hernias in symptomatic patients.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Inguinal hernias are usually diagnosed electively by a reducible
groin mass in patients presenting with a groin lump and/or
discomfort. Diagnostic radiological imaging may be required in
patients with inconclusive clinical examination. Herniography was
the radiological technique of choice for hernia diagnosis but hasE. Alabraba).
by Elsevier Ltd. All rights reservedbeen superseded by ultrasonography which has advantages of be-
ing inexpensive, non-invasive, contrast-free, and dynamically able
to demonstrate a cough impulse. The European and British Hernia
Societies recommended ultrasound (USS) as the primary imaging
modality to be used as an adjunct to physical examination in occult
groin hernia diagnosis [1,2]. Historically, the reported positive
predictive values (PPV) of USS in occult hernia diagnosis have been
high in the range of 94e100% [3,4], but the most recently published
study reports a more conservative PPV of 73% in diagnosing occult
groin hernia [5]. Our primary objective was to determine the
diagnostic accuracy of USS for occult groin hernias. Our secondary.
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comes of patients depending onwhether the result of USS for groin
hernias was positive, negative or equivocal.
2. Method
Our CRIS (Computerised Radiology Information System) data-
base identiﬁed 379 adult patients who, between February 2008 and
March2010,hadUSS scans todiagnosegroinhernias. All thepatients
had history suggestive of hernia but inconclusive clinical examina-
tion leading to groin ultrasonography, either unilateral or bilateral.
Most USS were requested after patients were examined in the
outpatient clinic but a few were requested by general practitioners
(GPs) prior to examination by a surgeon in outpatient clinic. Of the
patients whose USSwere requested byGPs prior to outpatient clinic
attendance, we excluded four patients whose clinic examination in
outpatient suggested a clinically obvious hernia. The resulting ﬁnal
cohort size was 375 patients. Details of clinical course following
ultrasonography were obtained from the hospital records. A dedi-
cated consultant radiologist or ultrasonographer scanned patients
with a linear array probe 8e15MHz on a superﬁcialmusculoskeletal
setting, supine or erect, using Valsalvamanoeuvres to identify groin
hernias by direct of a sac or a positive cough impulse.
Logistic regression was used to assess the relationship between
hernia presence and potential predictor variables: age, gender,
presenting symptoms, previous surgery, and requestor of ultra-
sound. The HosmereLemeshow goodness-of-ﬁt test was used to
assess the adequacy of the logistic regression models. Results were
signiﬁcant if two-sided p-value was 0.05 with 95% conﬁdence in-
tervals. All analyses were undertaken using STATA version 12 (Sta-
taCorp. 2011, Stata Statistical Software Release 12.0. College Station).
3. Results
Descriptive data are summarised in Table 1 and Fig. 1. The
consultant radiologist performed 75% of the USS and the ultraso-
nographer 25%. Follow-up details were available for a median of
3.10 (min 1.80, max 4.90) years after USS. The cohort size of 375
patients is exceeded by the sum total of patients in the positive,
negative and equivocal USS groups because 17 patients were rep-
resented in 2 of the groups after bilateral groin USS yielded
different results in either groin.
3.1. Positive USS
3.1.1. Patients with positive USS who underwent surgery
Descriptive data are summarised in Table 1. The PPV of USS for
groin hernia diagnosis was 0.70 (95% CI 0.62e0.78). The accuracy ofTable 1
Summary of descriptive patient data.
Positive ultrasound
Total patients (m, f) 199 (156m, 43f)
Median age (range) 52 years (min 21, max 89)
Presenting symptom (% of patients in group) Pain (73%), Lump (27%)
Ultrasound requestor (% of patients in group) Surgeon (71%), GP (29%)
Patients operated (groins, bilateral cases) 118 patients (141 groins, 2
Median time (range) from USS to surgery 169 days (min 2, max 993)
Patients (groins) with hernia at surgery 88 patients (104 groins)
Hernias at surgery 75 unilateral inguinal
15 bilateral inguinal
13 unilateral femoral
1 bilateral femoral
Recurrent hernias 10 unilateral inguinal
2 unilateral femoral
Prior ipsilateral hernia surgery (% of patients in group) 30 patients (15%)USS at distinguishing inguinal from femoral hernias was 0.95 (95%
CI 0.89e0.99), with 2 inguinal and 2 femoral hernias being mis-
labelled (Table 2).
All 66 groin hernias detected at open surgery were repaired
with mesh, with the exception of 3 femoral hernias. Of the 20 pa-
tients with no hernia detected at open surgery, mesh was used to
reinforce the deep inguinal ring of 7 patients (8 groins) and the
femoral ring of 1 patient (1 groin).
At intended laparoscopic hernia repair in 39 patients, no hernia
was detected in 10 patients. Of the 10 patients with no hernia at
laparoscopy, total extra-peritoneal (TEP) repair was intended in 6
patients (11 groins) and trans-abdominal pre-peritoneal (TAPP)
repair in 4 patients (5 groins). Mesh was used to reinforce the
myopectineal oriﬁce in 3 patients (3 groins) out of the 10 with no
hernia detected at laparoscopy. Laparoscopic hernia repair in the
other 29 patients was done by TEP repair in 17 patients (24 groins),
TAPP repair in 11 patients (14 groins), while the ﬁnal patient had
unilateral TAPP repair followed 3 months later by contralateral
groin TEP repair. This ﬁnal patient had bilateral hernias which could
not both be repaired at the initial operation and the contralateral
repair was performed by a different surgeon, hence the difference
in technique.
In cases of positive groin ultrasound, the odds of hernia being
present at surgery were increased by presentation with pain
(OR ¼ 2.08 vs. no pain; 95% CI 0.72 to 5.98; p ¼ 0.175) and age 65
years (OR ¼ 1.9 vs. age <65 years; 95% CI 0.76 to 4.79; p ¼ 0.171).
Soft tissue diagnoses at groin exploration in 13 of the 30 patients
with false positive USS were lipoma of spermatic cord (n ¼ 11),
lipoma of round ligament (n ¼ 1), and lymphadenopathy (n ¼ 1).
3.1.2. Positive USS and no surgery
Surgery was not performed on 81 patients with positive USS for
the following reasons: symptomatic improvement at follow-up
(n ¼ 69), hernia absent on repeat imaging (n ¼ 6), unﬁt for sur-
gery (n ¼ 3), diagnosis of neuropathic pain (n ¼ 2), or a lack of
perceptible hernia on subsequent re-examination of the patient
(n ¼ 1). Repeat imaging was by MRI (n ¼ 2), CT (n ¼ 2), or USS
(n ¼ 2). Of the 3 patients unﬁt for surgery, one was never offered
surgery due to his poor general health while the other two had
planned surgery cancelled due to per-operatively diagnosed tran-
sient ischaemic attack (n ¼ 1) or hypertension (n ¼ 1).
3.2. Negative USS
These patients were discharged after uneventful clinic follow-
up (n ¼ 134), referred to other clinics (n ¼ 16) or had surgery for
non-hernia lesions diagnosed on USS (n ¼ 1). Most referrals were
made to the pain clinic for neuropathic pain (n ¼ 10) and all theseNegative ultrasound Equivocal ultrasound
151 (106m, 45f) 42 (37m, 5f)
51 years (min 17, max 85) 54 years (min 19, max 88)
Pain (76%), Lump (24%) Pain (79%), Lump (21%)
Surgeon (75%), GP (25%) Surgeon (79%), GP (21%)
3 bilateral) None 10 patients (10 groins, 0 bilateral)
Not applicable 201 days (min 108, max 928)
Not applicable 7 patients (7 groins)
Not applicable 6 unilateral inguinal
1 unilateral femoral
Not applicable 5 unilateral inguinal
41 patients (27%) 19 patients (45%)
Table 2
Groin surgical procedures, type of groin hernia, and number of patients if positive groin ultrasound. ‘[n]’ indicates number of operated groins. * indicates the same patient had
unilateral TAPP followed later by contralateral groin TEP repair. 'n/s' indicates not stated.
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Other referralsmadewere to orthopaedics for musculoskeletal pain
(n ¼ 2), urology for coexisting hydrocoeles (n ¼ 2), or gastroen-
terology for coexisting lower gastrointestinal symptoms (n ¼ 2).
There were 21 soft tissue lesions diagnosed in this group including
a liposarcoma, excision of which was the only surgery performed in
this group (Table 3).3.3. Equivocal USS
The outcomes for patients in this group were ipsilateral groin
surgery (n ¼ 10), discharge after uneventful clinic follow-up
(n ¼ 27) or referral to pain clinic (n ¼ 5). As part of follow-up,
seven patients had repeat imaging after a 3e6 months interval by
MRI (n ¼ 3), CT (n ¼ 1), or USS (n ¼ 3). All repeat imaging were
negative for groin hernia with the exception of one positive MRI
and one equivocal USS, though neither of the latter 2 patients had
surgery because symptoms had resolved at follow-up.
Seven patients with equivocal USS had hernia repair by either
open (n ¼ 5) or TEP (n ¼ 2) technique. One open repair was an
emergency for inguinal hernia incarceration 4 months following
USS in a patient who had been unable to attend clinic review after
USS. Three patients had negative groin exploration by TAPP (n ¼ 2)
or open (n ¼ 1) approach, with mesh reinforcement of the inguinal
canal performed in one exploration by each approach.4. Discussion
Our study shows the PPV of USS in diagnosing groins hernias is
70%. Put differently, 30% of positive USS patients had no hernia atTable 3
Alternative soft tissue diagnoses in cases of negative (for hernia) groin
ultrasounds.
Diagnosis Number of patients
Lymphadenopathy 6
Haematoma 5
Hydrocoele 2
Saphena varix 2
Sebaceous cyst 2
Varicocoele 2
Lipomasarcoma 1
Epididymal cyst 1groin exploration. If USS is positive, the odds of hernia being pre-
sent at surgery were doubled by being diagnosed at age 65 years
or by presentation with pain but neither variable were signiﬁcant.
False positive results may occur if there is a ‘lax’ posterior wall of
the inguinal canal, lymphadenopathy, and spermatic cord/round
ligament lipomas. One of the main criticisms of USS in groin hernia
investigation is that its accuracy is user-dependent. The false pos-
itives in our study were not dependent on the experience of the
person performing USS as both the consultant radiologist and the
ultrasonographer had equal ratios of false-to-true positives. USS
was 95% accurate at distinguishing inguinal from femoral groin
hernias, important information to guide choice of open operative
approach but less so for laparoscopic repair. USS had a poor accu-
racy of 65% (95% CI 0.44e0.83) in differentiating direct from indi-
rect inguinal hernias but such distinction is probably immaterial to
planning surgical management.
There were false positive USS results in our study but no false
negatives. At open or laparoscopic negative groin exploration in
just over one-third of patients with false positive USS, mesh was
used to reinforceweakness perceived in themyopectineal oriﬁce by
the surgeon. Although we encountered no false negative USS,
recognized reasons for their occurrence are small-sized hernia-
tions, poor operator technique, or insufﬁcient patient cooperation.
The lack of false negative USS supported by none of the patients
with negative USS having ipsilateral hernia diagnosis during the
follow-up period implies USS may be a useful rule-out test for
occult groin hernias.
The PPV in our study is comparable to that in the recent study of
Light et al. [5] but much lower than reported by the earlier studies
of Depasquale et al. [4] and Robinson et al. [3]. The variation in
diagnostic accuracy of USS reported by groin hernia studies is partly
due to patient selection as some studies have included patients
with clinically obvious hernias for which there may be bias to
report USS as positive. Reported PPV of USS in studies comprising
clinically obvious groin hernias is 91e100% [6,7], and lower at
73e100% in studies of only clinically occult hernias [3e5,8,9]. In
fact, meta-analysis conﬁrms a higher pooled PPV of 100% for USS in
studies composed entirely of clinically obvious inguinal hernias
compared to 73.6% if entirely occult inguinal hernias [10]. It is more
difﬁcult to explain variation in PPV across studies purely composed
of occult groin hernias however there is a tendency towards lower
PPVs as study size increases. The highest PPV of 100% has been
reported by the studies with fewest operated patients, namely
Fig. 1. Summary of outcomes for patients in the 3 result groups following ultrasound.
E. Alabraba et al. / International Journal of Surgery 12 (2014) 918e922 921Alam et al. [8] and Robinson et al. [3] involving 13 and 18 patients
respectively. The lowest PPVs of 73% and 70% are from studies
involving themost operated patients, namely Light et al. [5] and our
current study involving 116 and 118 patients respectively (Table 4).
It is reassuring that three-quarters of USS requests were made
by surgeons in secondary care and only one-quarter by referring
GPs because the British Hernia Society discourages diagnostic im-
aging for groin hernia being arranged at primary care level in order
to reduce unnecessary investigations [2]. It certainly makes sense
that USS is only arranged by surgeons, if necessary, after reviewing
patients in secondary care and with a clear idea of how manage-
ment will be altered by the result of USS.
Management options we pursued when there was still diag-
nostic uncertainty after USS were reassessment of patients after
3e6 months, repeat radiological imaging and laparoscopic groin
inspection. Repeat imaging modalities we employed were MRI
(n¼ 12), CT (n¼ 6) or USS (n¼ 5) distributed among 8 patients with
persisting symptoms despite negative USS, 8 patients with un-
convincing symptoms despite positive USS, and 7 patients with
equivocal symptoms and equivocal USS. The British Hernia Society
recommends MRI examination when further diagnostic imaging is
needed following USS [2]. One study has assessed the role of MRI in
occult groin hernia and shown a PPV of 73% with herniography, and
not operative ﬁndings, serving as the gold standard [13]. Two
studies have evaluated the role of CT in occult groin herniaTable 4
Published occult groin hernia studies [3e5,8,9,11,12].
Study reference Hernia detection
Lilly MC. Surg Endosc. 2002 [11] Clinical þ occult
Djuric-Stefanovic A. Hernia. 2008 [12] Clinical þ occult
Alam A. Eur Radiol. 2005 [8] Occult
Robinson P. AJR Am J Roentgenol. 2006 [3] Occult
Grant T. J Ultrasound Med. 2011 [9] Occult
Depasquale R. Clin Radiol. 2009 [4] Occult
Light D. International Journal of Surgery 2011 [5] Occultdiagnosis and shown PPV of 92e100%, with operative ﬁndings as
the gold standard [14,15]. MRI and CT may be particularly useful in
assessing for hernia recurrence when USS may be compromised by
its beam being reﬂected off previously inserted mesh which limits
views of the inguinal canal. MRI is preferred to CT because it avoids
ionizing radiation but remains costlier, less readily available, and
poorly tolerated by claustrophobic patients. The latter led to one
MRI scan being prematurely terminated in our study. Laparoscopic
technique in 2 patients allowed for repair of conﬁrmed unilateral
hernias and inspection of suspected contralateral groin hernias for
which USS was equivocal USS. The beneﬁts of this strategy in
diagnosing occult are limited by the recognized risks of
laparoscopy.
One limitation of our retrospective study is that in cases where
the GP requested USS examination prior to outpatient clinic review,
the clinical examination may have been biased by the surgeon
being aware of the USS result. Another limitation is that our local
hospital records may not have identiﬁed patients who despite
negative USS later sought hernia treatment in other hospitals (e.g.
private hospitals) hence the informationwas not registered in their
clinic notes. A third limitation is that operative ﬁndings were the
diagnostic gold standard and only a proportion of patients with a
positive USS had surgery while most with negative USS did not
have surgery. One consequence of this is that we could not calculate
a negative predictive value of USS in diagnosing occult groinStudy design Cohort size Patients operated PPV
Prospective 41 41 83%
Prospective 125 121 100%
Prospective 52 13 100%
Prospective 59 18 100%
Retrospective 87 26 95%
Retrospective 243 62 94%
Retrospective 297 116 73%
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estimates would be biased, with a falsely inﬂated sensitivity and
falsely deﬂated speciﬁcity, hence we calculated positive predictive
value instead. Operating on everyone regardless of USS result
would avoid this bias but is clearly impractical and unethical. A
fourth limitation is that patients with a negative USS were deemed
as truly having no hernia based on not presenting with an inguinal
hernia during follow-up.
In conclusion, USS has a modest PPV of 70% in diagnosing occult
groin hernias. The patient's clinical history and examination ﬁnd-
ings must be considered to reduce the chances of negative groin
exploration. Patients with equivocal USS should be carefully reas-
sessed after an interval as a considerable number in our study were
later diagnosed with hernia. Unexpectedly, USS shows promise as a
rule-out test for occult groin hernias as none of our patients with
negative USS results later presented with groin hernias.
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